I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

*W*omen have begun delaying childbearing to ages that may leave them unintentionally childless.\[[@ref1][@ref2][@ref3]\] In the United States, the birth rate for women aged 40--44 years has gradually increased over the last three decades, while the birth rate for women aged 30 years has declined.\[[@ref4]\] Women overestimate their ability to become pregnant from unprotected intercourse at any age, and they are not sufficiently informed about the age-related decline in female fecundity.\[[@ref3][@ref4][@ref5][@ref6][@ref7]\] We investigate nulliparous women in the US and their awareness of the age-related decline in fertility and the technology of oocyte cryopreservation. We hypothesized that participants would have limited knowledge on this topic.

S[UBJECTS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
================================================

This is a primary analysis of a cross-sectional study approved by the Institutional Review Board of Rush University Medical Center. An online questionnaire was offered nationally in the United States through multiple web-based recruiting panels by Kupersmit Research from March 4 to March 9, 2016. The survey was anonymous and consisted of 43 questions regarding demographics, understanding of infertility, concern for infertility, awareness of cryopreservation technologies, and interest in using cryopreservation \[Supplement 1\]. The survey was originally intended for marketing research by industry standards. Women were eligible for inclusion in the study if they met the following criteria: female gender, age 25--45 years, and nulliparous. \[[Table 1](#T1){ref-type="table"}\] demonstrates the demographics of the survey participants.

###### 

This is the original survey prototype that was sent electronically to all participants

###### 

Click here for additional data file.

###### 

Characteristics of Survey Respondents, *n* (%)
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A primary analysis of this data set demonstrated significant differences in responses based on partnership. Results were then stratified based on partnered women versus unpartnered women. The "partnered" group included women who responded to the survey as married or living with a partner; the "unpartnered" group included women who responded that they were single, divorced, or widowed. We excluded 14 women from our analysis who had responded "would rather not say" to the survey item inquiring about relationship status. Our specific aims of this study were to first investigate public awareness of the age-related decline in fertility and oocyte cryopreservation and second to analyze the impact of partner status on awareness of age-related decline in fertility and oocyte cryopreservation. Our primary outcomes were percent of nulliparous women aware of the age-related decline in female fertility. Secondary outcomes included responses to questions concerning familiarity with oocyte cryopreservation, whether women 35 years old or older would have made different life choices had they been more knowledgeable about fertility at a younger age, and whether these same women 35 years old or older would have frozen their eggs at a younger age had they known about the age-related decline in fertility.

The survey included four questions assessing women\'s knowledge about infertility and oocyte cryopreservation. The first question prompted the participants with the following quote, "Many women think it\'s common to get pregnant after 35, but after 35, ovarian reserve (egg supply) declines, miscarriage rates increase and pregnancy is considered high risk." Participants were next asked if they had heard of this statement before and were given the following answer choices: "Yes, I have heard a lot about this," "Yes, but I have only heard a little about it," or "No, I have not heard of this before."

The second question stated, "Some women choose to undergo a procedure where eggs are removed from their ovaries and frozen for future use, freezing their biological clock and helping with their future family planning goals," followed by the question, "How familiar are you with this procedure?" Women were given the following answer options: "I have never heard of it before," "I have heard of it, but don\'t know much about it," "I know a little bit," or "I know a lot about it."

The third and fourth questions were answered only by women 35 years old and older. The third question asked participants how strongly they identified with the statement, "I would have made different life choices had I been more knowledgeable about fertility at a younger age." The fourth question similarly asked participants to what degree they agreed with the following statement, "I would have considered freezing my eggs when I was younger had I known how common it is for women over 35 to face challenges getting pregnant and having a baby".

Responses were analyzed using SPSS software (IBM Corporation, Chicago, IL, USA). A linear regression model and ANOVA tests were utilized to determine significant differences in responses. Participants\' demographics were compared using contingency tables.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Of the 1213 women who completed the survey, 98.8% were included in our analysis. [Table 1](#T1){ref-type="table"} demonstrates demographics of the study population. The majority of participants were from urban locations, employed, and identified as heterosexual. In regard to ethnicity, over 70% of the study population identified as white, a proportion comparable to the US population.\[[@ref8]\] When asked about annual income, the largest proportion of women in the study answered that they had a household income of \$50,000--\$74,999, which is comparable to the median US household income of \$53,889.\[[@ref6]\] The survey consisted of 44.4% partnered women and 55.6% unpartnered women. There were no significant differences between these two study groups in regard to age distribution, region, population, or sexuality. Partnered women included in our study were more likely to be employed, have a higher income, and attended religious services more frequently than unpartnered women, and this finding was significant \[[Table 1](#T1){ref-type="table"}\].

Response results can be seen in [Table 2](#T2){ref-type="table"}. When analyzing all responses about the age-related decline in fertility, we found that 52% responded that they "have heard a lot about this," 37% responded that they "have heard a little about this, and 11% "have never heard of it" \[[Figure 1](#F1){ref-type="fig"}\]. When analyzed by partner status, those that responded that they "have heard a lot about this" were more likely to be partnered, 51%, whereas those that responded that they "have never heard of it" were more likely to be unpartnered, 63.2%. This finding was significant, *P* \< 0.01 \[[Table 2](#T2){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}\].

###### 

Association of relationship status and fertility knowledge
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![Nulliparous women\'s awareness of the age-related decline in fertility. Women were prompted with the following: "Many women think it is common to get pregnant after 35 years of age, but after 35, ovarian reserve (egg supply) declines, miscarriage rates increase, and pregnancy is considered high risk." Then asked have you heard this before? The overall responses are shown. Black and white dots represents the response "have heard a lot about this," horizontal stripes represents the response "heard a little about this," and grid represents "have not heard of this before"](JHRS-11-359-g003){#F1}

![Association of relationship status and knowledge about the age-related decline in fertility. Participants were prompted with the following: "Many women think it is common to get pregnant after 35, but after 35, ovarian reserve (egg supply) declines, miscarriage rates increase, and pregnancy is considered high risk," followed by the question, "Have you heard this before?" The diagonal stripes represent partnered women. The solid bars represent unpartnered women. \*\**P* \< 0.01](JHRS-11-359-g004){#F2}

When participants were asked about their familiarity with the technology of oocyte cryopreservation, majority of participants responded that they have, "heard of it, but don\'t know much about it," 48%, with the least number of participants citing that they, "know a lot," 7%, about oocyte cryopreservation \[[Figure 3](#F3){ref-type="fig"}\]. When analyzed by partnership status, those that responded they had "never heard of it" in regard to oocyte cryopreservation were more likely to be unpartnered, 58.3%, and so were those who responded "know a lot," 58.1%. Responses of "know a little" were more likely to be partnered women, 52.1%. There was a significant difference in responses, *P* \< 0.05 \[[Table 2](#T2){ref-type="table"} and [Figure 4](#F4){ref-type="fig"}\].

![Familiarity with oocyte cryopreservation in women 35 years old and above. Women were prompted with, "Some women choose to undergo a procedure where eggs are removed from their ovaries and frozen for future use, freezing their biological clock, and helping with their future family planning goals," followed by the question, "How familiar are you with this procedure?" Black and white dots represent responses "know a lot," horizontal stripes represent "know a little," grid represents "never heard of it," and solid black represents "heard of it, but do not know much"](JHRS-11-359-g005){#F3}

![Association of relationship status and familiarity with oocyte cryopreservation for women 35 years old and above. Women were prompted with, "Some women choose to undergo a procedure where eggs are removed from their ovaries and frozen for future use, freezing their biological clock, and helping with their future family planning goals," followed by the question, "How familiar are you with this procedure?" The diagonal stripes represent partnered women. The solid bars represent unpartnered women .\**P*\< 0.05](JHRS-11-359-g006){#F4}

For women 35 years old and older, majority of respondents who were neutral with the concept of making different life choices had the individual been more knowledgeable about fertility at a younger age. Individuals who identified strongly with this statement were more likely to be partnered \[[Table 2](#T2){ref-type="table"}\]. When asked more specifically if a woman would have frozen her eggs had she known about the age-related decline in fertility, majority of respondents reported they either did "not really" or "not at all" identify with this statement. When analyzed by partnership status, those that had identified strongly that they would have used oocyte cryopreservation were more likely to be unpartnered, 56.3%. This finding was not statistically significant \[[Table 2](#T2){ref-type="table"}\].

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

This study examines a national sample of nulliparous women of reproductive age in the United States and their understanding of the natural age-related decline in female fertility and the available reproductive technology of oocyte cryopreservation that can combat this phenomenon. We found a significant difference in responses between women who identified as partnered versus unpartnered. Our data demonstrate that women without a partner are less likely to be aware of the natural age decline in fertility. Unpartnered women are also likely to know less about the technology of oocyte cryopreservation.

Women in the US are delaying childbearing, often for social reasons which often include lack of partner.\[[@ref9]\] Multiple surveys of college students have demonstrated that women are planning on delaying childbearing to an age that has a known decline in fertility.\[[@ref10][@ref11]\] Previous studies have also highlighted lack of partner as one of the most common reasons for delaying childbearing.\[[@ref5][@ref10][@ref12]\] To our knowledge, this is the first survey study to specifically analyze the effect of partnership status on fertility knowledge. It seems that women are often citing lack of partner as a reason to delay childbearing without knowing that they could be unintentionally sabotaging their chances at conceiving. Furthermore, single women have limited knowledge about the opportunity to stop the biological clock and utilize the technology of oocyte cryopreservation.

The technology for oocyte cryopreservation is supported by our general public and health-care professionals.\[[@ref5][@ref12]\] This survey was completed four years after the American Society for Reproductive Medicine (ASRM) removed the "experimental" label from oocyte ryopreservation technology. In light of such academic support, we expected that our study population would know more about this technology. However, we found that participants had very little knowledge on oocyte cryopreservation. Other studies have investigated college students, individuals undergoing infertility treatment, and the general public; all found a need to improve education efforts.\[[@ref5][@ref13][@ref14][@ref15][@ref16]\] Of those that have undergone oocyte cryopreservation, majority wish they had known and undergone the procedure at a younger age.\[[@ref17]\] We need to recognize this gap between the medical community understanding and patient knowledge by focusing on providing accurate information for our nulliparous patients at young ages about the age-related decline in fertility and the opportunity for cryopreservation.

Limitations of this study include the lack of male participants, inability to assess education level of participants, small sample size for a national survey, and the nature of a survey format. A recent study analyzed male and female views on oocyte cryopreservation and found that male participants were more likely to disagree with the use of oocyte cryopreservation for social reasons such as lack of a partner, career advancement, or educational aspirations.\[[@ref12]\] It is unclear how including males would have impacted our outcomes on knowledge level. Educational level was not assessed in this survey. Previous studies focused on college students and health-care professionals, future studies should investigate education level associated with fertility knowledge. We suspect that education level would have strengthened our findings that women nationally have little knowledge about the age-related decline in fecundity and about oocyte cryopreservation. Survey format puts the study at risk for nonresponse bias, voluntary response bias, and response bias.

We routinely discuss contraception with our patients, but this topic should be broadened to family planning and include the natural age-related decline in fertility and available technologies such as oocyte cryopreservation. The majority of providers agree that this discussion should be had with patients; but who is responsible for having it, when should it be given and in what format?\[[@ref18]\] Future research is required to investigate methods of fertility education.

This study demonstrates that partnership increases the likelihood that an individual is aware of the natural age-related decline in fertility, but this does not seem to correlate with an increase in understanding of oocyte cryopreservation. Those without a partner often delay childbearing, but they do not realize they may be planning for pregnancy at an age with a known decline in fertility and an at-risk pregnancy. The majority of participants had very little knowledge on the option for oocyte cryopreservation. Previous studies have shown that patients desire more knowledge on fertility.\[[@ref19]\] We need to empower women with knowledge on the age-related decline in fertility and options for elective oocyte cryopreservation.
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